The synthesis of two protected tetrasaccharide pentenyl glycosides with diarabinan and digalactan branching related to the pectic polysaccharide rhamnogalacturonan I is reported. The strategy relies on the coupling of N-phenyl trifluoroacetimidate disaccharide donors to a common rhamnosyl acceptor. The resulting trisaccharide thioglycosides were finally coupled to an n-pentenyl galactoside acceptor to access the two protected branched tetrasaccharides.
Introduction
Pectins are the most structurally complex polysaccharides found in plant cell walls. These highly heterogeneous polysaccharides are fundamental components of the primary cell wall of plants where they modulate plant cell functions such as support, defense, signaling, and cell adhesion [1, 2] . They also play a vital role in the food industry, serving as stabilizing and thickening agents in products such as jams, yogurt, and jellies [3] . Furthermore, it has been documented that they are useful in the production of biodegradable films, materials for biomedical implantation, and in drug delivery [4] [5] [6] . Rhamnogalacturonan I (RG-I) is one of the structural classes of pectic polysaccharides, along with homogalacturonan, rhamnogalacturonan II, xylogalacturonan, and apiogalacturonan [7] . The chemical structure of RG-I consists of a backbone with alternating units of α-linked L-rhamnose and D-galacturonic acid. The backbone has numerous branches at the C-4 position of the L-rhamnose residues including galactans, arabinans, or arabinogalactans. Galactans are mostly linear chains of β-(1→4)-linked D-galactose residues. Arabinans are chains of α-(1→5)-linked L-arabinofuranosides that are frequently branched at C-3 and sometimes at C-2. The most frequent form of arabinogalactan side chains is arabinogalactan I, which is a β-(1→4)-galactan with arabinan branches [8, 9] . To the best of our knowledge, except for the synthesis of tri-and tetrasaccharide building blocks containing a single galactose unit as a side chain by Vogel and co-workers [10, 11] , branched RG-I fragments have not previously been addressed by chemical synthesis [12] . These structures are of great interest because they are useful for the study of pectin and the enzymes involved in both the biosynthesis and degradation of RG-I [1, 2, 7, 13, 14] . Herein, we report the synthesis of two protected tetrasaccharides with diarabinan and digalactan branching, designed for the assembly of larger RG-I oligosaccharides.
The retrosynthetic analysis of targets 1 and 2 is depicted in Scheme 1. We invisioned that both targets could be obtained in a linear synthetic strategy with the last glycosylation involving the galactosyl acceptor 3. We have previously succesfully used galactosides in the assembly of an unprotected hexasaccharide backbone fragment of RG-I using a post-glycosylation-oxidation strategy, which has also been successfully applied by others [15] [16] [17] . The two trisaccharides 4 and 5 could be assembled by employing the common acceptor 6 forming the disaccharidic backbone unit for both targets. The putative side chain consisting of digalactan 7 can be assembled by glycosylating galactose acceptor 9 with donor 10. Likewise, diarabinan 8 can be derived from 11. Scheme 1. Retrosynthetic analysis of branched RG-I oligosaccharides 1 and 2.
Results and Discussion
Starting from β-D-galactose pentaacetate, galactosyl acceptor 3 was synthesized according to our previous work [18, 19] and the diol 12 was accessed as reported earlier [20] . After masking the free hydroxyl groups of compound 12 as benzoyl esters a regioselective opening [21] [22] [23] of the benzylidene acetal resulted in acceptor 9 in 70% yield over two steps (Scheme 2). 
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General Procedures
General Procedure I for Glycosylation with N-Phenyl Trifluoroacetimidate Glycosyl Donors
A mixture of the donor (1.2 equiv.) and the acceptor (1.0 equiv.) was co-evaporated with toluene and subjected to high vacuum for 2 h. The mixture was dissolved in anhydrous CH 2 Cl 2 (c. 0.1-0.01 M) and cooled to −40 • C. TMSOTf (0.1 equiv.) was added, and the reaction mixture was stirred at −40 • C until TLC showed completion of the reaction (10-30 min) . The reaction mixture was quenched by addition of Et 3 N, evaporated and purified by flash column chromatography.
General Procedure II for Preparation of the N-Phenyl Trifluoroacetimidate Glycosyl Donors
Hemiacetal (1.0 equiv.) was dissolved in CH 2 Cl 2 (c. 0.1-0.01 M). PhNC(Cl)CF 3 (2.0 equiv.) and Cs 2 CO 3 (2.0 equiv.) were added and the reaction mixture was stirred at 20 • C until TLC showed completion of the reaction (2-5 h). The reaction mixture was filtered through a plug of Celite, concentrated, and the residue was purified by flash column chromatography.
General Procedure III for Removal of Acyl Protective Groups (Zemplén Conditions)
The starting material was dissolved in MeOH (c. 0.1-0.01 M) or, in a 1:1 mixture of MeOH and THF. A freshly prepared 1 M NaOMe solution (0.1 equiv.) in MeOH was added. The reaction mixture was stirred at 20 • C until TLC showed the full conversion (1-24 h). The reaction mixture was then quenched by addition of Amberlite IR-120 (H + ). The resin was filtered off, and the filtrate was concentrated, and purified by flash column chromatography.
General Procedure IV for Benzylation of Hydroxyl Groups
To a solution of the starting material (1.0 equiv.) in DMF, BnBr (1.2 equiv. for 1-OH) and TBAI (0.01 equiv.) were added, and the mixture was cooled in an ice bath. NaH (1.2 equiv. for 1-OH) was added and the mixture was stirred at 20 • C for 15 h and then quenched by addition of MeOH. The reaction mixture was partially concentrated, diluted with EtOAc and washed with water and brine. The organic phase was dried over Na 2 SO 4 , concentrated and purified by flash column chromatography.
General Procedure V for Removal of the 2-Naphthylmethyl (NAP) Group
The protected saccharide (1.0 equiv.) was dissolved in a 4:1 mixture of CH 2 Cl 2 and MeOH. Water (2%) was added followed by addition of DDQ (1.4 equiv.). The reaction mixture was stirred at 20 • C until TLC showed completion of the reaction (2-5 h). The reaction mixture was diluted with CH 2 Cl 2 and washed with sat. NaHCO 3 . The combined aqueous phases were extracted with CH 2 Cl 2 . The combined organic phases were dried over Na 2 SO 4 , filtered, concentrated and purified by flash chromatography.
General Procedure VI for Introducing a Chloroacetyl (ClAc) Group
Alcohol (1.0 equiv.) was dissolved in anhydrous CH 2 Cl 2 and cooled in an ice bath. Et 3 N (2.0 equiv.) was added followed by addition of ClAc 2 O (1.1 equiv.). The reaction mixture was stirred at 0 • C for 2 h, then warmed up to 20 • C, diluted with CH 2 Cl 2 and washed with 0.1 M HCl. The organic phase was dried over Na 2 SO 4 , concentrated and purified by flash column chromatography.
General Procedure VII the Ph 2 SO/Tf 2 O-Promoted Glycosylation
A mixture of the donor (1.2 equiv.), Ph 2 SO (1.2 equiv.) and TTBP (1.2 equiv.) was co-evaporated with toluene and subjected to high vacuum for 2 h. The mixture was dissolved in anhydrous CH 2 Cl 2 and cooled to −60 • C. Tf 2 O (1.3 equiv.) was added, and the reaction mixture was stirred at −60 • C for 5 min. Afterwards, a solution of the acceptor (1.0 equiv.) in anhydrous CH 2 Cl 2 was added. The mixture was warmed to −40 • C over 2 h and Et 3 N was added. The mixture was diluted with CH 2 Cl 2 and washed with brine, dried over Na 2 SO 4 , concentrated and purified by flash chromatography.
Pent-4-enyl 2,3-di-O-benzoyl-6-O-benzyl-β-D-galactopyranoside 9
Compound 12 (4 g, 11.90 mmol) was dissolved in CH 2 Cl 2 (100 mL) followed by the addition of Et 3 N (5.0 mL, 35.70 mmol), DMAP (9 mg, 0.39 mmol) and benzoyl chloride (3.5 mL, 29.75 mmol). The reaction mixture was stirred until TLC revealed full conversion (3 h). The reaction was quenched with MeOH (10 mL), washed with water (2 × 100 mL), dried over MgSO 4 and concentrated. The product was purified by flash chromatography (toluene/EtOAc 19:1) to afford the corresponding product as a white powder. Yield 6.0 g (94%). R f 0.44 (9:1 toluene/EtOAc). Trifluoroacetic acid (7.0 mL, 91.88 mmol) was added dropwise to a solution of the above mentioned compound (10.0 g, 18.37 mmol) and triethylsilane (14.7 mL, 91.88 mmol) in CH 2 Cl 2 (75 mL) at 0 • C. When the addition was complete (10 min), the reaction was heated to 22 • C and stirred for 5 h. The mixture was diluted with EtOAc and washed with sat. aq. NaHCO 3 and brine, dried over MgSO 4 , filtered and concentrated. The product was purified by flash chromatography (19:1 toluene/EtOAc) to afford 9 as a white amorphous solid. Yield: 7.1 (72%). R f 0.38 (9:1 toluene/EtOAc). 
Phenyl 3-O-benzyl-2-O-(2-naphthylmethyl)-1-thio-α-L-rhamnopyranoside 6
To a solution of diol 14 (700 mg, 2.0 mmol) in DMF (6 mL) NAPBr (490 mg, 2.2 mmol) and TBAI (75 mg, 0.2 mmol) were added and the mixture was cooled in an ice bath. NaH (90 mg, 2.2 mmol, 60% in oil) was added and the mixture was stirred at 20 • C for 12 h and then quenched by addition of MeOH. The reaction mixture was partially concentrated, diluted with EtOAc and washed with water and brine. The combined water phase was extracted with EtOAc. The combined organic phase was dried over Na 2 SO 4 , concentrated and purified by flash chromatography (19:1 toluene/EtOAc) to afford 6 as a colorless oil. Yield 640 mg (65%). R f 0. , 1H), 3.88-3.74 (m, 4H), 3.47-3.34  (m, 1H), 1.89-1.78 (m, 2H), 1.56-1.40 (m, 2H) The hemiacetal was prepared from pentenyl glycoside 15 as described for a similar compound in the literature [32] and it was converted into 7 according to the General Procedure II. White foam, 85%. The product was verified by NMR spectroscopy as an α/β mixture and was used in the subsequent glycosylation without further characterization.
Compound 16 was prepared from 6 and 7 according to the General Procedure I and subjected to conditions from General Procedure III without further purification. White amorphous solid, 77%. R Phenyl 2,3,4,6-tetra-O-benzyl-β-D-galactopyranosyl-(1→4)-2,3,6-tri-O-benzyl-β-D-galactopyranosyl-(1→4)-3-O-benzyl-2-O-chloroacetyl-1-thio-α-L- 
2,3,5-Tri-O-benzoyl-α-L-arabinofuranosyl-(1→5)-2,3-di-O-benzoyl-L-arabinofuranosyl N-phenyl trifluoroacetimidate 8
Prepared from the hemiacetal [19] according to the General Procedure II. White amorphous solid, 87%. The product was verified by NMR spectroscopy as an α/β mixture and was used in the subsequent glycosylation without further characterization. 
